INTRODUCTION
There has recently been considerable interest in the role of iron in microbial pathogenicity. Bullen, Rogers & Griffiths (1974) have reviewed the importance of iron compounds in enhancing the virulence of many bacteria. However, the gonococcus was not amongst those mentioned. Kellogg et al. (1963) showed that adding iron to medium improved the growth of gonococci. They also described four characteristic colonial types of gonococci which they were able to relate to infectivity for volunteers. Thus types I and 2 were virulent and types 3 and 4 non-virulent. Jephcott & Reyn (1971) confirmed these observations and added a further colonial type which they called type 5 and regarded as non-pathogenic. Payne & Finkelstein (1975) showed that iron compounds added to inocula of the relatively avirulent colonial types 3 and 4 increased their lethality for chick embryos on intravenous inoculation. They did not attribute the increased lethality in the presence of iron to a reversion to pathogenic colonial types but considered the effect to be host mediated. Hafiz, McEntegart & Jephcott (1977) found that a high concentration of iron, in the form of ferric citrate incorporated into liquid media, caused reversion of nonpathogenic type 4 colonies of gonococci (previously thought to be very stable and irreversible in vitro) to pathogenic type I. Iron, though an important component of the media in which the reversion was studied, could not be considered in isolation without looking at the possible effects of the other components, especially citrate which is known to chelate iron. Cole (1952) reported that metal chelators added to culture media suppressed colonial variation of smooth, pathogenic Brucella abortus to the rough non-pathogenic variant. The effects of iron chelators on the colonial morphology of the gonococcus have not to our knowledge been reported before. This study was undertaken to determine the role of iron and the possible effects of iron chelators on the colonial morphology of the gonococcus.
M E T H O D S
Medium. The basic medium was the liquid medium (ANM) of Hafiz & McEntegart (1976) consisting of (g per 1 distilled water): proteose peptone (Difco), 15; soluble starch, I ; NaCI, 5; K2HP04, 4; KH2P04,
Strains. The strains of gonococci used were: ~6 2 (originally isolated in Kellogg's laboratory) ; freshly isolated local strains ~c 3 3 8 ,~~4 1 and GCI 7; and the new penicillinase-producing strain 'R' (kindly provided by Dr G. C. Turner, Public Health Laboratory Services, Liverpool).
Selection arrd study of colonial types. Types I and 4 were selected using the special lighting system of Jephcott & Reyn (1971). The selected colonies were emulsified in phosphate-buffered saline pH 7.4, mixed thoroughly in Vortex Junior mixer (Scientific Industries), and 0.04 ml, containing approximately I o6 colony-forming units (c.f.u.) ml-l, was inoculated into 15 ml of liquid media. The liquid cultures in 30 ml screw-top bottles were incubated at 35 to 36 "C in a humidified atmosphere of air plus 10 % (v/v) COz, as were the solid cultures, to ensure the same temperature conditions for both cultures. The colonial morphology was studied daily by sub-inoculating on GC agar (Difco) plus 2 % defined supplement (Kellogg et al., 1963) . The colonies were confirmed as gonococci by their oxidase and fermentation reactions and their typical bright fluorescence when treated with an antigonococcal conjugate (Difco). 
R E S U L T S
The five strains of gonococci responded similarly to various chelating agents, glutamic acid and ferric nitrate. As an example, the results obtained for a series of six groups of experiments with Neisseria gonorrhoeae ~6 2 types I and 4 are detailed in Table I . Of the substances examined, only nitrilotriacetic acid (NTA), ferric ammonium citrate and Lglutamic acid, particularly at the intermediate concentrations tested, brought about reversion of type 4 to type I . Tn other experiments, L-glutamic acid above 5 g 1-1 either supported very good growth of type 4 gonococci, inhibited growth or caused occasional but delayed reversion to type I until after 5 days. Interestingly, whilst reversion from type 4 to type I with NTA was delayed for 3 days and with ferric ammonium citrate for 2 days, L-glutamic acid had an almost immediate effect. However, with both NTA and ferric ammonium citrate the reverted colonies persisted on subsequent sub-inoculation whereas with Lglutamic acid they disappeared on further subculture.
When the same experiments were repeated with type I colonies as inoculum, NTA, ferric ammonium citrate and L-glutamic acid again were the most effective in preventing the reversion of type I cultures to predominantly type 4 (Table I ). Although the effects of all three compounds were prolonged, those of NTA and ferric ammonium citrate were greater than that of ~-glutamic acid.
The other two chelators, sodium citrate and Desferal plus Fe3+, exhibited a marginal effect in the two series of experiments. Desferal or Fe3+ alone were ineffective.
D I S C U S S I O N
The present study supports the recent findings that iron is essential for reversion of gonococci type 4 to type 1 (Hafiz et a]., 1977) . The results also show that iron chelators, particularly nitrilotriacetate and citrate, affect colonial morphology of gonococci in liquid Short cornrnun i ca t ion 167 medium. The finding that L-glutamic acid at 2-5 g 1-I could cause reversion of gonococci type 4 to type I could not be explained. However, amino acids generally are weak chelators (Hutner, 1972) and the effect of glutamate may not be unconnected with glutamine being a component of the 'defined supplement' used to enhance growth of the gonococcus (Kellogg et a/., 1963) . As the concentration of L-glutamic acid necessary for reversion of type 4 to type 1 covered a narrow range, this may be related to the iron content of the medium. This, however, was not determined.
The two factors, iron and an iron chelator, are essential for both the reversion of type 4 gonococci to type I and the prevention of the reversion of type i gonococci to type 4. Although some chelators alone, e.g. sodium citrate, are sufficient to bring about these effects assisted by the trace of iron in the medium, those containing iron are superior, e.g. ferric citrate (Hafiz el al., 1977) and ferric ammonium citrate. The iron chelators bind iron and the outcome of this could be either to make iron more readily available for bacterial iron assimilation or perhaps to limit iron availability. To date, there is no report that gonococci can form siderochromes (iron chelators), but as the present results indicate that iron chelators are involved in reverting gonococci type 4 to type I , this could either mean that the iron chelators in this study provide more iron for type 4 gonococci, hence reversion to type I , or that the chelators withdraw iron from type 4 with reversion to type I under critical environmental conditions.
